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[57] ABSTRACT 

A multichannel ADPCM compression and expansion device 
includes N sets of input and output interfaces; an ADPCM 
compression and expansion device which expansively con- 
verts data of K bits in a form of ADPCM signals into PCM 
signals of M bits in response to a first control signal and 
outputs the same and compressively converts data of M bits 
in a form of PCM signals- into ADPCM data of K bits in 
response to a second control signal; and a control unit which 
divides one signal transmission slot interval into N sections 
and successively selects the N sets of input and output 
interfaces in a predetermined order during respective 
divided intervals divided into N sections and connects to the 
ADPCM compression and expansion device, and succes- 
sively performs, while separating the divided interval into a 
former half and a latter half, a first control which generates 
the first control signal and sends the data of K bits to the 
ADPCM compression and expansion device and then 
returns the expansively converted M bit data to the selected 
input and output interface, and a second control which 
generates the second control signal and sends the M bit data 
to the ADPCM compression and expansion device and then 
returns the compressively converted K bit data to the 
selected input and output interface. 

11 Claims, 7 Drawing Sheets 
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MULTI CHANNEL ADPCM COMPRESSION 
AND EXPANSION DEVICE 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to a multi channel ADPCM 
(Adaptive Differential Pulse Code Modulation) compression 
and expansion device, and, more specifically, relates to a 
multi channel ADPCM compression and expansion device 10 
which allows simultaneous calls in multi channels as well as 
allows to be formed into an one-chip IC. 

The multi channel ADPCM compression and expansion 
device referred to in the present invention is built-in such as 
in a main body (parent unit) of a digital cordless telephone 15 
set, a base station for telephone communication and a 
terminal device for cordless telephone, is designed to oper- 
ate, for example, to compress digital signals of speech voice 
and transfer the compressed signals to a child unit connected 
in cordless, to expand like digital signals sent out from the 20 
child unit and transfer the expanded signals to the parent unit 
in it, and then to send out to public telecommunication 
network such as ISDN, and is to be applied to a so called 
second generation digital cordless telephone system which 
allows calls in cordless with other parties in homes, offices 25 
and outdoors by making use of digital signals. 

2. Background Art 

For telephone communication from moving bodies such 
as car equipped telephone and portable telephone, signal 3Q 
transmission and reception between one parent station and 
many child stations is performed via TDMA (Time Division 
Multi Access) control by compressing voice digital data. In 
the TDMA control the signal transmission and reception is 
performed by allotting for a child station a predetermined 35 
communication period and data amount, for example, in one 
of the standards of the TDMA control methods "RCR 
STD-28", section time width of 5 ms and data amount of 160 
bits are allotted for one slot voice data which is a unit of 
signal transmission and reception in one child station. ^ 

When analog voice signals are digitized in 4 bit conver- 
sion accuracy according to the above standard by making 
use of sampling frequency of 8 kHz for signal transmission 
and reception processing of one slot, voice signal sampling 
of 40 times can be performed irf one slot. 45 

By making use of such TDMA control method a second 
generation digital cordless telephone set using TDD (Time 
Division Duplex) system which allows the simultaneous 
calls such as for homes is now under investigation. For 
realizing such system, a multi channel, in particular, 4 50 
channel or the like ADPCM compression and expansion 
device is necessitated which allows digital signal transmis- 
sion and reception between TDMA control devices having 
the TDD control function. Such multi channel ADPCM 
compression and expansion device is to be built-in in such 55 
devices as a main body cordless telephone set, a base station 
for telephone communication and a terminal device which 
are connected a public telecommunication network perform- 
ing signal transmission and reception via digital signals. The 
multi channel ADPCM compression and expansion device is 60 
designed to perform a bidirectional conversion, in that, to 
compress PCM signals of voice digital data received from 
the public network, to convert the compressed signal into 
ADPCM signals and to send the same to a TDMA control 
device operating under TDD method, and conversely to 65 
receive ADPCM signals from a child unit via a TDMA 
control device, to expand the received signal to restore the 
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same into PCM signals and send out the same to the public 
network operating in digital signals. 

In this simultaneous call system, the signal transmission 
and reception between a parent unit and a child unit are 
performed in cordless by making use of compressed 
ADPCM signals while being divided by time sharing man- 
ner via the TDMA control device and the belonging circuits 
such as a radio equipment provided, for example, in a parent 
unit In the child unit, the ADPCM signals are restored into 
PCM signals and then the restored PCM signals are demodu- 
lated into voice. When transmitting signals from the child 
unit, voice signals are converted into PCM signals and the 
PCM signals are further compressed and converted into 
ADPCM signals and are sent out in cordless to the TDMA 
control device and belonging circuits provided in the parent 
unit. The TDMA control device and the belonging circuit 
expand the received data from the child unit into PCM 
signals and send out the same to the public network. 

Through the provision of an ADPCM processing circuit 
which can reduce transmission signal bit number in a 
midway of signal transmission and reception passage in a 
digital telephone system as explained above, signal data 
transmission and reception of a greater amount can be 
achieved in a limited period as well as simultaneous calls in 
time sharing manner can be realized. 

The ADPCM signal conversion device is conventionally 
known which compresses data and converts into PCM 
signals and further converts from the PCM signals into 
ADPCM signals. However, such conventional device is for 
one channel use in which transmitter side voice signals are 
compressed and coded in a form of ADPCM signals then 
transmitted, and in which receiver side the ADPCM signals 
is expanded and demodulated into voice signals. When 
applying such conventional ADPCM conversion device in a 
digital cordless telephone system as it is, a plurality of 
ADPCM conversion devices have to be provided in parallel. 

However, in an actual application, even when a plurality 
of the devices are provided in parallel, the one channel in the 
respective devices is insufficient. A plurality of channels of 
about 4 channels are necessary for outdoor base stations and 
private base stations, and further for ordinary home use 
telephone sets which use many child units about 4 channels 
will be necessitated. It is preferable to provide as many 
channels as possible. Therefore, in the above instance 
ADPCM conversion devices covering 4 channels are pro- 
vided and are multi-controlled of which entire circuit struc- 
ture becomes excessively large scale. On one hand, a parent 
unit used in such as homes is required to be no such large 
scaled device as well as to be low price. Therefore, it is 
required to constitute the circuit as simple as possible, and 
possibly it is desired to constitute the circuit which allows to 
be formed into one-chip IC. However, it is more difficult to 
form the circuit using the conventional ADPCM conversion 
devices for multi channels into one-chip IC based on the 
current technology, because mutual control between respec- 
tive channels within one signal transmission slot has to be 
performed. 

SUMMARY OF THE INVENTION 

An object of the present invention is to resolve the above 
explained conventional problems and to provide a multi 
channel ADPCM compression and expansion device having 
a simple circuit structure which allows transmission and 
reception of PCM voice signals through a plurality of 
channels in one signal transmission slot 
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Another object of the present invention is to provide a 
multi channel ADPCM compression and expansion device 
which allows to be formed into a one-chip IC. 

Still another object of the present invention is to provide 
a multi channel ADPCM compression and expansion device 5 
suitable for a home use telephone system which is connected 
to a digital network and of which parent and child units are 
connected in cordless fashion. 

Features of the multi channel ADPCM compression and 
expansion device according to the present invention which 10 
achieves the above objects are to include N sets (N is an 
integer of more than 1) of input and output interfaces which 
are connected in parallel with a transmitter and receiver side 
line and a digital telecommunication network side line 
which transmits and receives PCM data in a predetermined 15 
signal transmission slot, which receive data of K bits from 
the transmitter and receiver side line and send out data of M 
bits (wherein K<M) to the digital telecommunication net- 
work side line, and which receive data of M bits from the 
digital telephone network side line and send out data of K 2Q 
bits to the transmitter and receiver side line; an ADPCM 
compression and expansion device which expansively con- 
verts data of K bits in a form of ADPCM signals into PCM 
signals of M bits in response to a first control signal and 
outputs the same and compressively converts data of M bits ^ 
in a form of PCM signals into ADPCM data of K bits in 
response to a second control signal; and a control unit which 
divides the signal transmission slot interval into N sections 
and successively selects the N sets of input and output 
interfaces in a predetermined order during respective 3Q 
divided intervals divided into N sections, and successively 
performs during the divided intervals a first control which 
generates the first control signal and then sends the data of 
K bits from the selected input and output interface to the 
ADPCM compression and expansion device and which 35 
receives the expansively converted M bits data from the 
ADPCM compression and expansion device and then 
returns the same to the selected input and output interface, 
and a second control which generates the second control 
signal and then sends the M bit data from the selected input ^ 
and output interface to the ADPCM compression and expan- 
sion device and which receives the compressively converted 
K bit data from the ADPCM compression and expansion 
device and then returns the same to the selected input and 
output interface, and to complete the compressive conver- 45 
sion and the expansive conversion of the ADPCM compres- 
sion and expansion device in an interval shorter than Yj of 
the divided interval. 

Since the present invention is designed to provide the N 
sets of input and output interfaces and to connect succes- 50 
sively selected input and output interfaces with the one 
channel ADPCM compression and expansions device, to 
successively convert PCM signals and to ADPCM signals 
vice versa by the one channel ADPCM compression and 
expansion device and to return the converted signals to the 55 
originally connected input and output interface, the former 
half and the latter half of the divided interval can be allotted 
respectively for the signal transmission and for the signal 
reception which allows the simultaneous call processing in 
time sharing manner. Moreover, the ADPCM compression $o 
and expansion device only necessitates one channel and 
requires a processing of alternatingly repeating compression 
and expansion which simplifies the control as well as the 
circuit structure thereof. 

In particular, when breaking down the compression con- 65 
version for the ADPCM signals and the expansion conver- 
sion for the PCM signals into many individual calculation 
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processing steps, classifying into common calculation pro- . 
cessing steps, compression conversion proper calculation 
processing steps and expansion conversion proper calcula- 
tion processing steps and when allotting same processing 
steps for calculation processing steps which can be com- 
monly performed for the compression conversion and the 
expansion conversion, many of the compression conversion 
and expansion conversion processings can be commonly 
managed and the entire conversion processings can be 
treated as unified and simplified processings which arc 
arranged in continuous series processing steps and can be 
managed by such as a counter, thereby the scale for the 
control circuit is reduced. 

As a result, the circuit scale can be reduced to an extent 
which allows to be formed into one-chip IC. Further, since 
N time ADPCM compression and expansion processings 
can be performed in time sharing manner for the input and 
output interfaces within one signal transmission slot, an N 
channel processing can be realized with respect to the input 
and output interfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of 4 channel APDCM com- 
pression and expansion device which is one embodiment of 
a multi channel ADPCM compression and expansion device 
according to the present invention; 

FIG. 2 is a timing chart of data processing for the 
embodiment shown in FIG. 1; 

FIG. 3 is a block diagram of an internal structure of 1 
channel ADPCM compression and expansion device in the 
embodiment shown in FIG. 1; 

FIG. 4 is a view for explaining a numeric value generation 
and calculation unit which generates a specific numeric 
value in response to an input condition; 

FIG. 5 is a view for explaining allocation of respective 
calculation processing steps when the compression and 
expansion processings are developed into fundamental cal- 
culation processings; 

FIG. 6 is a timing chart of the compression and expansion 
processings; and 

FIG. 7 is an overview constitutional diagram of a personal 
handy telephone system to which the present invention is 
applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1, 10 denotes 4 channel ADPCM compression and 
expansion device wherein 1 is 1 channel ADPCM compres- 
sion and expansion device (hereinbelow, simply called as 
ADPCM device), 2a % 2b, 2c and 2d are input and output 
interfaces which are provided for respective channels from 
channel 1 through channel 4, 3a, 3b, 3c and 3d are data 
storage units which are provided for the respective input and 
output interfaces, 4a is a 8 bit PCM input bus line which is 
connected 8 bit output of a network interface 9 connected to 
a digital telecommunication network such as an ISDN, 4b is 
a 8 bit PCM output bus line which is connected to 8 bit input 
bus line of the network interface 9, Sa is an ADPCM output 
bus line (of 4 bits) connected to 4 bit input bus line of a 
TDMA/TDD control circuit which is built-in such as in a 
base station and a main body or parent unit of a cordless 
telephone set, Sb in an ADPCM input bus line (of 4 bits) 
connected to 4 bit output bus line of the TDMA/TDD control 
circuit 8, 6 is a channel and the like control unit, and 7 is a 
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clock generating circuit which generates clocks CLK in 
synchronism with synchronous clocks from the network. 
Further, in the drawing for the sake of convenience for 
explanation each of the buses 4a, 4b, 5a and 5b illustrates 
signal flow and not illustrates the bus line itself. 5 

The channel and the like control unit 6 receives clocks 
CLK from the clock generating circuit 7, divides the same 
and generates such as sampling rate pulses S, internal 
sampling pulses s (see FIG. 6), selection pulses CH1-CH4 
and control pulses C/*C. The cycle of the sampling rate 10 
pulses S corresponds to the section of the time width T (=5 
ms, see FIG. 2) for one slot of the signal transmission and 
reception (frequency of 8 kHz), and further synchronizes 
with and corresponds to the synchronous clocks at the 
network side. 

The selection pulses CH-CH4 synchronize with the sam- 
pling rate pulses S and are successively rendered to HIGH 
level (hereinbelow simply referred to as "H") only within l A 
period of the cycle T for the one slot so as to select a drive 
channel. The selection pulses CH1-CH4 are successively 
sent out to the input and output interfaces 2a, 2b, 2c and 2d 
allotted respectively to channel 1 through channel 4 and to 
the data storage units 3a, 3b, 3c and 3d provided for the 
respective input and output interfaces according to the 
channel selection order. Thereby, the respective channels, 
which are composed of the respective input and output 
interfaces and the data storage units, are successively 
enabled only in the period of T/4. 

The control pulses C/*C, wherein *C is an inverted signal 30 
of C and when C is rendered Low level (hereinafter simply 
referred to as "L") the control pulses become significant, 
synchronize with the selection pulses CHI- CH4, have Vi 
pulse width of the selection pulse, in that pulses of 50% duty 
and turn ON/OFF at a cycle of T/4. The control pulses are 35 
sent out from the channel and the like control unit 6 to the 
respective data storage units 3a through 3d and the ADPCM 
device 1. Other control signals which are sent out from the 
channel and the like control unit 6 are explained later. 

The data storage unit 3a becomes operative when the 40 
selection pulse CHI is rendered to "H". The control pulse 
C/*C is rendered to "H" during former half in the "H" period 
of the selection pulse CHI and is rendered to U L" during 
latter half in the "H" period of the selection pulse CHI. The 
data storage unit 3a fetches 8 bit data stored in a predeter- 45 
mined storage region in the input and output interface 2a, in 
response to the control pulse C/*C during "H M period 
thereof. The ADPCM device 1 performs ADPCM compres- 
sion on 8 bit data fetched by the data storage unit 3a to 
modify into 4 bit data and sends out the same to the data 50 
storage unit 3a. The data storage unit 3a returns the com- 
pressed 4 bit conversion data to the input and output 
interface 2a. Thereafter, the control pulse C/*C is rendered 
to "L'\ During the "L" period the data storage unit 3a again 
fetches 4 bit data stored in a predetermined storage region in 55 
the input and output interface 2a. The ADPCM device 1 
performs ADPCM expansion on the fetched 4 bit data to 
modify into 8 bit data and sends out to the data storage unit 
3a. The data storage unit 3a returns the expanded 8 bit 
conversion data to the input and output interface 2a. 60 

The data storage unit 3b likely becomes operative when 
the selection pulse CH2 is rendered to "H", fetches data in 
the same manner as above from the input and output 
interface lb in response to the control pulse C/*C during 
"H" period and "L" period thereof respectively, receives 65 
conversion completed data from the ADPCM device 1 and 
returns the same to the input and output interface 2b. In the 



same manner, the data storage units 3c and 3a* become 
operative when the selection pulses CH3 and CH4 are 
rendered to "H" and perform the like operation as the data 
storage units 3a and 3b as explained above. 

An overview of operation with regard to signal transmis- 
sion and reception according to the present embodiment is at 
first explained with reference to the signal waveforms illus- 
trated in FIG. 2. 

The network interface 9 sends out received data from the 
network to the PCM bus line 4a at the timing before the 
control pulse C/*C rises to "H". The input and output 
interfaces 2a, 2b, 2c and 2a" successively receive received 
data from the PCM input bus line 4a during their selected 
periods by the selection pulses CH1-CH4 at the timing 
when the respective control pulses C/*C rise. Received 8 bit 
data from the network set at an input and output interface 2, 
which is referred to as an input and output interface among 
the input and output interfaces 2a, 2b, 2c and 2d which is 
driven by one of the selection pulses CH1-CH4, is trans- 
ferred from the input and output interface 2 to a data storage 
unit 3, which is referred to as a data storage unit among the 
data storage units 3a, 3b, 3c and 3d which corresponds to the 
input and output interface 2, in response to data fetch timing 
signal RT illustrated in FIG. 2 which is to be sent out from 
the channel and the like control unit 6 at the timing imme- 
diately after the control pulse C/*C rises. 

Then, the received 8 bit data is read in from the data 
storage unit 3 to the ADPCM device 1 and is compressively 
converted into 4 bit ADPCM signals, of which compressive 
conversion will be explained later. The data storage unit 3 
transfers the returned 4 bit compressed data to the input and 
output interface 2 and the received 4 bit data returned to the 
input and output interface 2 is sent out to the ADPCM output 
bus line 5a at the tuning before the control pulse C/*C falls 
from *TT* to '1/'. The ADPCM device 1 sends out a timing 
signal LD (see FIG. 6) to the TDMA/TDD control circuit 8 
at the timing before the control pulse C/*C falls from "H" to 
"L". 

The TDMA/TDD control circuit 8 receives compressively 
converted 4 bit ADPCM signals from the input and output 
interface 2 in response to the timing signal LD, then sends 
out ADPCM compressed 4 bit transmitting data from the 
child unit 21 to the ADPCM input bus line 5a and writes the 
data in the input and output interface 2 from which the 
non-compressed data is received. Further, the TDMA/TDD 
control circuit 8 is connected with the child unit 21 via the 
radio equipment 20 through which ADPCM compressed 4 
bit voice signal data is bidirectionally transmitted with the 
child unit 21. 

4 bit transmitting data from the child unit 21 set at the 
input and output interface 2 is transferred from the input and 
output interface 2 to the data storage unit 3 in response to 
transmitting data fetch timing signal ST as illustrated in FIG. 

2 which is generated at the timing immediately after the 
control pulse C/*C falls. The 4 bit transmitting data is read 
in into the ADPCM device 1, is expansively converted from 
the 4 bit ADPCM signal to 8 bit PCM signal and is again 
returned to the data storage unit 3, of which expansive 
conversion will also be explained later. The data storage unit 

3 transfers the returned 8 bit data to the corresponding input 
and output interface 2. 

The 8 bit transmitting data returned to the input and output 
interface 2 is sent out from the input and output interface 2 
to the PCM output bus line 4b, then inputted to the network 
side interface 9 and sent out to the network. Thereafter, the 
selection pulses CH1-CH4 are switched and the subse- 
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quently selected input and output interface 2 receives 8 bit 
receiving data from the network aide interface 9 at the timing 
when the control pulse CV*C rises to "H" and in response to 
data fetch timing signal RT immediately thereafter again 
sends out the 8 bit receiving data to the data storage unit 3. 

Further, the network interface 9 sends out 8 bit receiving 
data from the network side to the PCM input bus line 4a in 
synchronism with the sampling rate pulses S and at the 
timing when the selection pulses CH-CH4 respectively rise, 
and receives 8 bit transmitting data from the PCM output bus 
line 4b at the timing before the selection pulses CH1-CH4 
respectively rise. Accordingly, the network interface 9 
includes 4 channel multi timing control signals, however the 
network interface 9 can perform the above control by 
directly receiving the selection pulses CH1-CH4 from the 
channel and the like control unit 6. 

Still further, the ADPCM device 1 performs the ADPCM 
compression and expansion processings within the one 
sampling in response to the internal sampling pulse s. The 
respective processings of compression and expansion are 
performed within one machine cycle which is determined by 
58 pieces of clock pulses CLK which are received from the 
clock generating circuit 7. Thus, calculation processings at 
respective stages for ADPCM compression and expansion 
are performed in response to the respective received clocks 
CLK, Because of the nature of the ADPCM calculation such 
data as past PCM and ADPCM data and in addition history 
data on several calculation results at a few sampling timings 
before the present moment other than the above data are 
necessitated for the conversion processing. These past sam- 
pling data and past history data are stored in a predetermined 
area in the data storage units. 

Thus, 4 channel ADPCM compression and expansion 
device 1 converts the received 8 bit PCM data into 4 bit 
ADPCM voice data and sends out the same to the child unit 
21 via the TDM AfTDD control circuit 8 in the time divided 
regions for channel 1 through channel 4 indicated by hatch- 
ing and when the control signal C/*C is at "H", and 
conversely receives the 4 bit ADPCM voice data transmitted 
from the child unit 21 via the TDMA/TDD control circuit 8, 
converts the same into 8 bit PCM signals and then sends out 
to the network side. 

By thus compressing the 8 bit data into 4 bit data, the time 
sharing simultaneous call with the child unit can be realized. 
Further, with the use of ADPCM compression processing 
data amounting to two times can be dealt theoretically, 
however, since the processing time for a unit data is short- 
ened, actually data transmission more than the theoretical 
value with the child unit can be achieved. 

FIG. 7 shows an overview constitution of a personal 
handy telephone system using the 4 channel ADPCM com- 
pression and expansion device 10 in the above explained 
circumstance. 

In a home use cordless telephone set, the signal transmis- 
sion and reception circuit the TDMA/TDD control circuit 8 
and to the child unit 21, 4 channel ADPCM compression and 
expansion device 10 and the interface such as for ISDN are 
built-in in the parent unit or the main body unit which is then 
connected to a digital network via the network interface 9, 
Further, when such main body unit is installed in a public 
telephone booth, a telephone call from a home use cordless 
telehone set can be realized in cordless via the public 
telephone booth. 

FIG. 3 shows a constitution of the device 1, wherein 11 is 
a calculation control unit, 12 is a multiplication and addition 
unit, 13 is a complementing unit, 14 is a shifter, 15 is a 
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numeric value generation and calculation unit which per- 
forms such as a floating point calculation processing and 
generates a specific numeric value in response to the input 
data condition, 16 is a calculator input path switching unit, 
17 is a register input switching unit and 18 is a temporary 
storage register. The above respective calculating units and 
the register other than the calculation control unit 11 are 
respectively provided with decorders 12a, 13a, 14a, 15a, 
16a, 17a and 18a therein. 

The calculation control unit 11 is primality composed of 
logic arraies formed by AND logic arraies and OR logic 
arraies and comprises therein such as a condition register 
(flip-flop FF) Ua, a counter lib and a numeric value register 
11c. The condition register 11a is activated upon receipt of 
the control pulses C/*C and stores "1" when the control 
pulse C/*C is at "H" and stores "0" when at "L". These 
conditions axe sent cut to the respective decoders. The 
counter lib counts the clocks CLK and manages the respec- 
tive stages of the ADPCM compression and expansion 
processings. The counted value is sent out to the respective 
decoders. The counter lib starts from 1 and counts up to 58 
during compression conversion and in the same way during 
expansion conversion starts from 1 and counts up to 58 
which will be explained later. The respective decoders 
generate an enable signal when the count value reaches to 
that assigned to the respective decoders concerned and 
actuate the calculation unit and register to which the decoder 
concerned belongs. 

The numeric value which the numeric value register 11c 
holds is one which is to be set at the counter lib as the 
subsequent count value when the counter lib reaches to a 
predetermined count value. This numeric value held in the 
numeric register 11c is differentiated for the compression 
conversion processing and for the expansion conversion 
processings. More specifically 38 is assigned for the com- 
pression conversion processing and 28 for the expansion 
conversion processing. 

The multiplication and addition unit 12, the complement- 
ing unit 13. the shifter 14 and the numeric value generation 
and calculation unit 15 are calculation units which axe 
respectively composed of gate arraies and output calculation 
results after a predetermined operation delay time. Accord- 
ingly, when input data is determined, an output result is 
obtained after a predetermined time via their logical opera- 
tion. The calculation content whether multiplication, addi- 
tion or subtraction in the multiplication and addition unit 12 
is selected in response to the count value inputted from the 
counter 116 or the value of the input data DC among a 
plurality of input data, and the selected processing is per- 
formed for the input data DA and DB. 

The complementing unit 13 generates a complement for 
the input data. The shifter 14 is for performing bit shifting 
for executing a dividing operation and the shifting amount is 
determined in response to the count value inputted from the 
counter lib or the input data DD. 

The numeric value generation and calculation unit 15 
normally generates the input data DE as it is among the input 
data DE, DP, DG and DH under a condition of data values 
of DF, DG and DH with respect to data value of DE, 
performs a predetermined calculation on DE, for example, 
calculation such as floating point processing according to 
data of DF, DG and DH and a special calculation in ADPCM 
algorithm which can not be processed in the calculation 
units 12-14 or further performs a calculation generating a 
predetermined numeric value. 

The calculator input path switching unit 16 and the 
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register input switching unit 17 include a multiplicity of 
input bit terminals and a multiplicity of output bit terminals 
and are primarily composed of logic arrays formed of AND 
logic arrays and OR logic arrays. The input and output 
terminals of the calculating units and the output terminals of 5 
the register are connected to respective input bit terminals 
and output bit terminals. 

The calculator input path switching unit 16 selects nec- 
essary data portion among inputted data in response to count 
value inputted from the counter Mb and sets a path through 10 
which the selected data portion is outputted to a necessary 
calculation unit. The calculator input path switching unit 16 
is constituted in a form of path switching circuit which 
couples between an input side and an output side with a 
predetermined path in response to the count value. 15 

The register input switching unit 17 is similar to the 
calculator input path switching unit 16, and in particular, 
couples the output of a necessary calculation unit among the 
respective calculation units with either the temporary stor- 
age register 18 or the data storage unit 3 according to the 20 
path setting and outputs the calculation result data to either 
of them. 

Now, the path switching is more specifically explained. 
When the count value of the counter 11£> is, for example, 2, ^ 
the upper 16 bits among the data in the temporary storage 
register 18 are determined as DA, the subsequent 16 bits are 
determined as DB and are sent out to the multiplication and 
addition unit 12 and a few bit data at predetermined digit 
positions among the data in the temporary storage register 30 
18 are determined as DC and a calculation processing is 
performed thereon. Then, according to the above result, the 
path in the calculator input path switching unit 16 is set. 
When the count value in the counter lib rises, for example, 
to 5, the calculation result in the multiplication and addition 35 
unit 12 is added to the shifter 14 via the path of the calculator 
input path switching unit 16 as well as a path is established 
which adds the bit data at predetermined digit positions of 
the calculation result to the numeric value generation and 
calculation unit 15. When the count value in the counter lib AQ 
rises to 8, a predetermined bit series is formed from the 
calculation result of the shifter 14 and the data generated 
from the numeric value generation and calculation unit 15, 
and is outputted to the temporary storage register 18. 

The above calculation processing is repeated in response 45 
to renewal of the count value in the counter 116, the 
processings at respective stages in the ADPCM algorithm 
are successively performed and the compression conversion 
processings from PCM to ADPCM or the conversing expan- 
sion conversion processings to PCM are realized. The cal- 50 
culation results of the respective calculation units are selec- 
tively returned to the calculator input path switching unit 16 
for use in the subsequent calculation or stored in the tem- 
porary storage register 18 via the register input switching 
unit 17 and then the data stored in the temporary storage 55 
register 18 is returned to the calculator input path switching 
unit 16. Then, the data necessary for the subsequent calcu- 
lation is selected among the data in the temporary storage 
register 18 by the calculator input path switching unit 16 and 
is added to the calculation unit which performs the subse- &) 
quent calculation. The calculation result which is necessary 
for further later calculation processings is left as it is in the 
temporary storage register 18. 

The outputs of the multiplication and addition unit 12, the 
complementing unit 13, the shifter 14 and the numeric value 65 
generation and calculation unit 15 are sent out at a prede- 
termined instance to the register input switching unit 17 
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according to the contents of the calculation processing 
result The output of the register input switching unit 17 in 
sent out to the temporary storage register 18 and the data 
stored in the temporary storage register 18 is again set at the 
calculator input path switching unit 16 together with the past 
calculation result data. Such calculation processing is 
repeated many times. Then, at the moment the ADPCM 
conversion has been completed the data of the conversion 
result is output from the register input switching unit 17 to 
the data storage unit 3. The conversion result data includes 
calculation result data which is necessary for the subsequent 
conversion as well as the compressed data or the expanded 
data for the present conversion. 

In such circuit constitution as explained above, the cal- 
culation control unit 11 controls in parallel the respective 
calculation units, the shifter 14 and the numeric value 
generation and calculation unit 15 based on the count value 
from the counter 11a. With such control the compressive 
conversion from PCM to ADPCM or conversing expansive 
conversion can be performed in high speed during the 
respective periods for channel 1 -channel 4 as illustrated by 
hatching in response to the control pulse C/*C from the 
channel and the like control unit 6. 

Since the calculation processing contents performed for 
the input data of the multiplication and addition unit 12, the 
complementing unit 13 and the shifter 14 are already known, 
the explanation about the respective operations of these units 
is omitted. However example of numeric value generation 
which is characteristic to the ADPCM processing of the 
numeric value generation calculation unit 15 is hereinbelow 
explained with reference to FIG. 4. Further, the numeric 
value in ( ) behind DE, DF, DG and DH in FIG. 4 denotes 
bit number thereof. 

Now, it is assumed that in the data storage unit 3 are stored 
as the data for compression processing at signal reception 
four pieces of 8 bit PCM received data until present time 
totalling 32 bits and 21 bit resultant data obtained by the past 
calculation. Further, it is assumed that as the data for the 
expansion processing at signal transmission eight pieces of 
4 bitADPCM data until present time totalling 32 bits and 21 
bit resultant data obtained by the past calculation are stored 
in the data storage unit 3. When the data storage unit 3 
receives a new data during a new signal transmission or 
reception via the input and output interface 2, the oldest data 
therein is erased and the predetermined pieces of the data are 
always kept in the data storage unit 3. 

Data in the 32 bit data which is necessary at respective 
stages for the compression calculation processing or for 
expansion calculation processing is timely fed and stored in 
the temporary storage register 18. Still further, it is assumed 
that the bit number of the necessary data during the initial 
stage is as same as the calculation result of 21 bits and the 
temporary storage register 18 can store 53 bit data at the 
maximum during the initial stage. 

Under the condition that the count value of the counter 
lib is m (l<m<58) and according to the values of DE(13), 
DF(1) and DG(1), the numeric value generation calculation 
unit 15 operates in such a manner that when DF(l)="r' and 
DG(1)*"0", the numeric value generation calculation unit 
15 generates Y=0220 h (h implies hexadecimal notation) as 
its output Y, when DG(l)-'0". generates Y=1400 h and 
other than the above two instances generates D£(13) as its 
output Y=DE(13). 

Further, under the condition that the count value of the 
counter lib is n (l<n<58) and according to the values of 
DE(15). DF(1), DG(1) and DH(1), the numeric value gen- 
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eration calculation unit 15 operates in such a manner that 
when DF(1)="1" and DG(1)="0", the numeric value gen- 
eration calculation unit 15 generates Y=6Q01 h, when 
DF(1)="0" and DH(1)="(T. generates Y=l FFFh and other 
than the above two instances generates DE(15) as its output 5 
Y=DE(15). 

Still further, under the condition that the count value of 
the counter 116 is k (l<k<58) and according to the values of 
DE(16), DF(16), DG(1) and DH(1), the numeric value 
generation calculation unit 15 operates in such a manner that 10 
when DG(1)='T' and DH(1)*1, the numeric value genera- 
tion calculation unit 15 generates Y=0000 h, when DH(1)= 
*T\ generates Y=DE(16) and other than the above two 
instances generates DF(16) as its output Y=DF(16). 

FIG. 5 shows a relationship between the count value of l5 
the counter life and the ADPCM algorithm at their respec- 
tive stages wherein common steps for the compression 
processing and the expansion processing and inherent steps 
for the respective processings are separated. 

In FIG. 5, the respective stages for the ADPCM compres- 20 
sion and expansion processings are broken down to common 
and fundamental calculation processing steps such as addi- 
tion and subtraction, multiplication and division, and are 
respectively developed over the calculation processing or 
input/output processing steps of 1 through 58, and then the 25 
respective processing steps are related to the count values of 
the counter life. The count values 1 through 22, 28 through 
31 and 38 through 58 of the counter 116 are for the common 
calculation processing steps in which like calculation pro- 
cessings for the compression processing and for the expan- 30 
sion processing are performed. When the count values of the 
counter life are 23 through 27, the calculation processing 
stage inherent to the compression processing is performed 
such that when the count value of the counter 11a takes 23 
during the compression processing, the expansion process- 35 
ing is skipped. The skipping processing is performed by 
setting numeric value 28 at the counter life which is regis- 
tered in the numeric value register 11c after the counter 11a 
counts numeric value 22 under the condition of the condition 
register 11a of "1" and at the moment when the counter life 40 
receives a clock CLK. Likely, since the count values 32 
through 37 of the counter life are for the calculation pro- 
cessing stage inherent to the expansion processing, when the 
counter 11a takes the count value 32 during the expansion 
processing the compression processing is skipped. The skip- 45 
ping processing is performed by setting numeric value 38 at 
the counter life which is registered in the register 11c after 
the counter life counts numeric value 3 1 under the condition 
of the condition register 11a of "0" and at the moment when 
the counter life receives a clock CLK. 50 

If the calculation processing steps are divided into further 
finer fundamental steps than the 58 stages, number of the 
calculation processing steps which can be commonly per- 
formed increases, and if divided into further rougher fun- 
damental steps, the number of the calculation processing 55 
steps which can be commonly performed decreases. The 
degree of the fineness or the roughness of the common 
calculation processing steps _is determined individually 
based on an analysis of the ADPCM algorithm concerned. 
When the step number is increased, it takes time for the 60 
respective compression and expansion processings and 
when the step number is decreased, the processing time is 
shortened, however special calculating units are needed 
which makes the control circuits complex. The above step 
number 58 is one of aims which can realize formation of the 65 
circuits in one-chip IC. Further, since the algorithm itself for 
the ADPCM compression and expansion processing is 
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known and a specific processing content, for example, a 
calculation method of encoding (compressing) 8 bit PCM 
signals to 4 bit ADPCM signals and of decoding (expanding) 
conversely is defined in "Recommendation G.721 on CCITT 
1988 edition". The actual contents of the respective steps for 
the above calculation processings can be determined with 
reference to the above Recommendation, since the details of 
which will complicate the explanation and relate to design 
matters, the explanation thereof is omitted. 

An overview operation of the compression and expansion 
processing is explained with reference to a time chart 
illustrated in FIG. 6. 

Initially, a first 8 bit PCM receiving data is sent out from 
the network interface 9 in synchronism with the sampling 
rate pulse S. The channel and the like control unit 6 
generates the selection pulses CH1-CH4 as illustrated in 
FIG. 2 in synchronism with the sampling rate pulse S, and 
further inside the channel and like control unit 6 the internal 
sampling pulse s is generated in response to the leading edge 
of the respective selection pulses CH1-CH4. 

Actually, the receiving data from the network is set at the 
input and output interface 2 at the same time with the leading 
edge of this internal sampling pulse s. Then, the channel and 
the like control unit 6 rises the control signal C/*C to "H" 
in response to the trailing edge of the internal sampling pulse 
s, and at the same time generates count starting pulse CS and 
sends out the same to the calculation control unit 11. When 
the control signal C/*C is rendered to "H", the condition 
register 11a in the calculation control unit 11 is set at "1". In 
response to the generation of the count starting pulse CS a 
timing signal RT is fed to the input and output interface 2, 
then the 8 bit received data from the network is transferred 
to the data storage unit 3 and the transferred 8 bit data causes 
to fall the count starting pulse CS to "L" after a predeter- 
mined time stored in the data storage unit 3. Through this fall 
(trailing edge) of the count starting pulse CS the counter 11a 
in the calculation control unit 11 is enabled and starts 
counting of the clocks CLK from the clock generating 
circuit 7. Now, when the count value of the counter life is 
rendered to "1", the 32 bit past data and past calculation 
result data in the data storage unit 3 are applied to the 
calculator input path switching unit 16 and through the path 
set by the calculator input path switching unit 16 the 
calculated data is input into, for example, the multiplication 
and addition unit 12 and the numeric value generation 
calculation unit 15. As a result, calculation result and data 
necessary for the subsequent calculation, for example, of 21 
bit data, are produced, thus totalling 53 bit data is generated. 
Subsequently, when the count value of the counter life 
which counts the clocks CLK is rendered to "2", the 53 bit 
data is sent and stored in the temporary storage register 18 
and the data is further applied as it is to the calculator input 
path switching unit 16. The calculator input path switching 
unit 16 sets a predetermined path according to the count 
value "2". As a result, necessary bit data among the 53 bit 
data is sentout to the respective calculation units which 
require such data. 

The count value of the counter life is successively 
renewed in response to reception of clocks CLK as 
explained above and in synchronism therewith the calcula- 
tion processing is renewed and the ADPCM compression 
processing is performed, and then at the moment when the 
count value of the counter life has reached to 58, the 4 bit 
ADPCM compression data inputted into the register input 
switching unit 17 together with the calculation result data is 
transferred to a predetermined storage area in the data 
storage unit 3 via the register input switching unit 17. At the 
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timing immediately thereafter, the calculation control unit 11 
sends out a count ending pulse CE to the channel and the like 
control unit 6. 

The channel and the like control unit 6 sends out a control 
signal to the data storage unit 3 and the input and output 5 
interface 2 upon receipt of the count ending pulse CE and 
transfers the 4 bit ADPCM compressed data from the data 
storage unit 3 to the input and output interface 2. The 
calculation control unit 11 sends out the timing signal LD to 
the TDMA/TDD control circuit 8 at the timing when the 4 10 
bit data is set at the input and output interface 2. The channel 
and the like control unit 6 causes to fall the control signal 
C/*C to "L" after receiving the count ending pulse CE and 
at the timing when the 4 bit transmitting data from the 
TDMA/TDD control circuit 8 is set at the input and output 
interface 2, at the same time sends out count starting pulse 
CS to the calculation control unit 11 as well as generates the 
timing signal ST to cause the input and output interface 2 to 
transfer the 4 bit transferring data to the data storage unit 3. 
Then the 4 bit transmitting data causes to fall the count 
starting pulse CS at the stored timing. When the control 20 
signal C/*C is rendered to "L", the value of the condition 
register 11a is set at "0", the counter 116 begins counting 
from "1" in response to the trailing edge of the count starting 
pulse CS. 

25 

Now, the data until the present time amounting to 32 bits 
is read from the data storage unit 3, and then the processing 
of expanding the 4 bit transmitting data to 8 bit PCM signals 
is performed. Thereafter at the moment when the count 
value of the counter lib has reached to 58, the 8 bit PCM 3Q 
expanded data outputted to the register input switching unit 
17 is transferred to a predetermined storage area in the data 
storage unit 3. At the timing immediately thereafter, the 
calculation control unit 11 sends out the count ending pulse 
CE to the channel and the like control unit 6. The channel 35 
and the like control unit 6 sets the 8 bit PCM expanded data 
at the input and output interface 2 upon receipt of the count 
ending pulse CE. The set 8 bit data is sent out from the input 
and output interface 2 to the network interface 9 via the bus 
4b. Then, the 8 bit receiving data is sent out from the ^ 
network interface 9 to the bus 4a. Thereafter, the subsequent 
selection pulse, one of CH-CH4, is generated and then a 
subsequent input and output interface 2 is selected to which 
8 bit receiving data is again set at the timing of rise of the 
internal sampling pulse s, then the like processings as 45 
explained above are repeated. 

Herein, the periods ta or tb covering from count start to 
count end of the counter 116 are set shorter than half (=T/8) 
of the period (T/4) of the internal sampling pulse s. There- 
fore, the count ending pulse CE is generated before fall of 50 
the control signal C/*C. Further, as illustrated in FIG. 5, 
since the compressive conversion uses 52 steps and the 
expansive conversion uses 53 steps which is substantially 
the same and the count numbers for the compressive pro- 
cessing and for the expansive processing are substantially 55 
the same value, the compressive processing can be com- 
pleted in the former half of the period T/4 of the internal 
sampling pulse s and the expansive processing also can be 
completed in the latter half of the period. Alternatively, the 
expansive processing can be assigned to the former half of 50 
the period and the compressive processing to the latter half. 

As will be understood from the above, with regard to the 
common calculation for the compression and the expansion 
both the stages for compression algorithm and the stages for 
expansion algorithm are processed according to the same 65 
count value of the counter, and with regard to the steps 
inherent to the compression and the steps inherent to the 
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expansion, respective processing steps having count values 
continuing from the common steps for the compression and 
expansion are assigned. In these continuing steps inherent to 
the respective processings, the steps inherent to the expan- 
sion processing is skipped during the compression process- 
ing, in that the expansion processing bypasses the compres- 
sion processing and the steps inherent to the compression 
processing is skipped during the expansion processing, in 
that the compression processing bypasses the expansion 
processing. Thereby, a unified management can be realized 
' which allows use of continuous count values of a common 
counter. Accordingly, the control circuit for the the ADPCM 
processing is simplified. Further, with the provision of the 
numeric value generation calculation unit for performing 
special calculation in the ADPCM processing the structure 
of the other calculation units is simplified to thereby reduce 
the circuit scale thereof. Still further, the respective calcu- 
lation units are constituted by a circuit which can perform 
calculation only through logical operation and thus eliminate 
necessity of clock input to thereby further reduce the circuit 
scale thereof. 

In the embodiment as explained hitherto, the data storage 
unit is provided between the input and output interface and 
the ADPCM device, however the data storage unit can be an 
ordinary memory and a single memory is satisfactory when 
dividing the memory into a plurality of areas corresponding 
to the respective input and output interfaces. Further, the 
corresponding' data can be stored in respective memories in 
the respective input and output interfaces. Still further, the 
above storage unit can be built-in in the ADPCM compres- 
sion and expansion device and in such instance the data 
storage unit is eliminated. 

Further, in the present embodiment many kinds of timing 
signals are inputted from the channel and the like control 
unit to the input and output interface, however, the many 
kinds, of the timing signals can be generated inside the input 
and output interface and the data storage device, and when 
same timing signals from the channel and the like control 
unit are applied to the data storage unit as well as to the input 
and output interface, such timing signals can be applied to 
the input and output interface via the data storage unit. 

I claim: 

1. A multi channel ADPCM compression and expansion 
device comprising: 

N sets (N is an integer greater than 1) of input and output 
interfaces which are connected in parallel with a trans- 
mitter and receiver side line and a digital telecommu- 
nication network side line which transmits and receives 
PCM data in a predetermined signal transmission slot, 
which receive data of K bits from the transmitter and 
receiver side line and send out data of M bits (wherein 
K and M are integers such that K<M) to the digital 
telecommunication network side line, and which 
receive data of M bits from the digital telecommuni- 
cation network side line and send out data of K bits to 
the transmitter and receiver side line; 

an ADPCM compression and expansion device which 
expansively converts data of K bits in a form of 
ADPCM signals into PCM signals of M bits in 
response to a first control signal and outputs the same 
and compressively converts data of M bits in a form of 
PCM signals into ADPCM data of K bits in response to 
a second control signal; and 

a control unit which divides the signal transmission slot 
interval into N sections and successively selects said N 
sets of input and output interfaces in a predetermined 
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order during respective divided intervals divided into N 
sections, and successively performs during the respec- 
tive divided intervals a first control which generates the 
first control signal and then sends the data of K bits 
from the selected input and output interface to said 5 
ADPCM compression and expansion device and which 
receives the expansively converted M bit data from said 
ADPCM compression and expansion device and then 
returns the same to the selected input and output 
interface, and a second control which generates the 10 
second control signal and then sends the M bit data 
from the elected input and output interface to said 
ADPCM compression and expansion device and which 
receives the compressively converted K bit data from 
said ADPCM compression and expansion device and 15 
then returns the same to the selected input and output 
interface, 

wherein the compressive conversion and the expansive 
conversion of said ADPCM compression and expan- 
sion device are completed in an interval shorter than Yt 20 
of the divided interval. 

2. The multi channel ADPCM compression and expansion 
device according to claim 1, wherein said ADPCM com- 
pression and expansion device is designed to allot a same 
processing step for a calculation processing which allows a 25 
common performance for the compression conversion and 
for the expansion conversion among respective processing 
steps for the compression conversion and for the expansion 
conversion. 

3. The multi channel ADPCM compression and expansion 30 
device according to claim 2, wherein, the second control 
signal is an inverted signal of the first control signal, and said 
control unit separates the divided interval into former half 
and a latter half, sets the M bit data from the digital network 
side line at the selected input and output interface during 35 
initial stage in the former half, generates the second control 
signal, then sends out the K bit data returned to the selected 
input and output interface to the receiver side line at the 
ending moment of the former half, and sets the K bit data 
from the receiver side line at the input and output interface 40 
during the initial stage in the latter half, generates the first 
control signal, then sends out the M bit data returned to the 
selected input and output interface to the digital network 
side line at the ending moment of the latter half. 

4. The multi channel ADPCM compression and expansion 45 
device according to claim 2, wherein, the second control 
signal is an inverted signal of the first control signal, and said 
control unit separates the divided interval into former half 
and latter half, sets the K bit data from the receiver side line 

at the selected input and output interface during initial stage 50 
in the former half, generates the first control signal, then 
sends out the M bit data returned to the selected input and 
output interface to the digital network side line at the ending 
moment of the former half, and sets the M bit data from the 
digital network side line at the input and output interface 55 
during initial stage in the latter half, generates the second 
control signal, then sends out the K bit data returned to the 
selected input and output interface to the receiver side line 
at the ending moment of the latter half. 

5. The multi channel ADPCM compression and expansion 60 
device according to claim 2, wherein the second control 
signal is an inverted signal of the first control signal and 
respective corresponding storage units, each of which stores 

a plurality of past data and past calculation results of said 
ADPCM compression and expansion device, are provided 65 
between a plurality of the respective input and output 
interfaces and said ADPCM compression and expansion 
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device, and these stored data together with the data set at the 
selected input and output interface being read in by said 
ADPCM compression and expansion device. 

6. The multi channel ADPCM compression and expansion 
device according to claim 5, wherein said ADPCM com- 
pression and expansion device includes a counter, a plurality 
of calculation units each of which performs different calcu- 
lation processings necessary for the compression conversion 
and for the expansion conversion and a numeric value 
generation unit which generates a predetermined numeric 
value depending on an input data condition, and either the 
plurality of the calculation units or the numeric value 
generation unit is selected depending on a count value of the 
counter and then the calculation processing is performed, 
and through successive renewal of the count value of the 
counter, ADPCM processings at respective steps are suc- 
cessively performed and a step having same count value of 
the counter is allotted for a calculation processing which 
allows performance common for the compression conver- 
sion and for the expansion conversion. 

7. The multi channel ADPCM compression and expansion 
device according to claim 6, wherein steps having different 
count values of the counter but continuing from the same 
count value for the common calculation processing are 
respectively allotted to calculation processings inherent to 
the compression conversion and to the expansion conver- 
sion, during the compression conversion the steps having the 
different count values allotted for the expansion conversion 
being skipped and during the expansion conversion the steps 
having the different count values allotted for the compres- 
sion conversion being skipped. 

8. The multi channel ADPCM compression and expansion 
device according to claim 7, further comprising, an input 
and output path switching circuit which includes a plurality 
of input bit terminals and a plurality of output bit terminals, 
selectively sets a path from the input to the output for the 
input bit terminals and the output bit terminals upon receipt 
of a count value of the counter and according to the count 
value and outputs an input data, and a temporary storage 
register, wherein the plurality of the calculation units, the 
numeric value generation unit and the register being respec- 
tively connected to the plurality of the input bit terminals 
and the plurality of the output terminals, and the input data 
and at least one of the plurality of the calculation units being 
selected according to the count value of the counter. 

9. The multi channel ADPCM compression and expansion 
device according to claim 8, wherein the plurality of the 
calculation units include a calculation unit which performs 
multiplication, addition and subtraction, a complementing 
unit and a shifter, and these calculation units and the numeric 
value generation unit being respectively constituted by a 
gate logic and generating a calculation result after a prede- 
termined time delay. 

10. The multi channel ADPCM compression and expan- 
sion device according to claim 9, wherein a count starting 
value and a count ending value of the counter for the 
compression conversion steps and for the expansion con- 
version steps are determined identical. 

11. The multi channel ADPCM compression and expan- 
sion device according to claim 10, wherein a time sharing 
multiple control unit being connected to the receiver side 
line and further connected cordlessly to a transmitter and 
receiver, and signal transmission and reception between the 
transmitter and receiver and the time sharing multiple con- 
trol unit being performed via ADPCM signals. 

***** 
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